ABSTRACT: Defining marine habitat use for Pacific salmon Oncorhynchus spp. is important for effective resource management because salmon production has been linked to ocean conditions in the Northeast Pacific. Towards that goal, Chinook O. tshawytscha and coho salmon O. kisutch populations were sampled off Washington and Oregon, USA, in June 1998 to 2005 along with habitat variables including temperature, salinity, water depth, and chlorophyll a concentration. Correlation analysis and stepwise logistic regressions were run to identify the physical and biological factors that predict the presence of Chinook and coho salmon. Low zero-catch probability was used to indicate used habitat. For all life history stages, zero-catch probability decreased with increased chlorophyll concentration and decreased depth. Temperature was a significant predictor variable for subyearling Chinook and yearling coho presence based on stepwise logistic regression. The size of used habitat showed large spatial and temporal variations, where more used habitat occurred off Washington and the Columbia River mouth than off Oregon. This pattern may relate to a wider shelf and greater primary production to the north. The largest amount of used habitat occurred in 2000 and 2003 for all 5 life history stages examined. Sea-viewing Wide Field-of-Sensor (SeaWiFS) satellite images indicated high chlorophyll concentration in that period.
INTRODUCTION
Knowledge of marine habitat selection is essential for effective management of Pacific salmon Oncorhynchus spp. because nearly one-half of the total estimated salmon mortalities occur in marine and freshwater habitats alike (Bradford 1995) . Changes in ocean conditions also cause large spatial and temporal variations for Pacific salmon production (Pearcy 1992 , Mantua et al. 1997 . Studies have shown that early summer upwelling off the Oregon and Washington, USA, coast may influence the growth rate of juvenile coho salmon , Beamish & Mahnken 2001 , Logerwell et al. 2003 . Characterizing salmon ocean habitat will enhance our understanding of how salmon marine survival, growth, and production are related to changes in ocean conditions. The ocean conditions off the northwest coast of the USA have changed dramatically in recent years. After a rapid transition from the strong El Niño event in 1997 Niño event in -1998 to the La Niña event in late 1998-1999, strong coastal upwelling was observed until the end of summer 2002, when the Pacific Decadal Oscillation (PDO) index switched from positive to negative (Peterson & Schwing 2003) . In the same study, they reported enhanced copepod biomass and higher coho and Chinook salmon production during this period (Peterson & Schwing 2003) . From October 2002 through September 2005, a positive PDO index was observed, which indicates weak upwelling events and warm ocean conditions (Mantua et al. 1997) . Shifts in large-scale climate processes could affect local oceanic structures, and may ultimately be reflected by changes in upper trophic levels of the local ecosystem (Francis & Hare 1994) .
Changes in local environmental variables, such as temperature, salinity, and primary production, could have significant effects on both Chinook Oncorhynchus tshawytscha and coho salmon O. kisutch, as they are primarily coastal migrant species (Beamish et al. 2005) . Temperature could influence salmon production off the Pacific Northwest (Cole & Villacastin 2000) , because it can regulate salmon growth rate (Hinch et al. 1995) and mortality (Friedland 1998) . Sea surface temperature can delineate a sharp distributional boundary for salmon (Welch et al. 1998 , Hinke et al. 2005 . Variation in salmon production was related to variation in primary production in the North Pacific (Shiomoto et al. 1997) . Furthermore, chlorophyll a concentration was reported to be significantly correlated with juvenile Chinook (age 1.0) distribution (Brodeur et al. 2004) .
Many studies have attempted to understand the effects of environmental variability on salmon population dynamics; however, without knowledge of how individual species select and utilize their habitats, the question can not be fully answered. For example, adult Chinook salmon were shown to use 9 to 12°C water 52% of the time (Hinke et al. 2005) . The area of the coastal ocean with temperatures in this range could show large spatio-temporal variations due to coastal upwelling, and may result in changes in utilized habitat that may impact Chinook salmon production.
In this study, we attempted to understand the Chinook and coho salmon population variability from a habitat perspective. As part of a series of studies, we first defined the ocean habitat characteristics for different life stages of Chinook and coho salmon based on presence and absence information using samples collected in June 1998 to 2004 off the Washington-Oregon coast. We also hypothesized that the size and location of useable habitat varies due to large-scale climate variability.
Logistic regression has become an increasingly popular tool in freshwater habitat studies (Knapp & Preisler 1999 , McHugh & Budy 2004 , Turdeon & Rodriguez 2005 . Due to the excessive number of zeroes and presence of a few extreme values in marine fishery survey data, i.e. lack of normality and homogeneous errors, logistic regression has the potential to describe marine fish habitat by converting abundance to presence/absence data. Using this methodology, the probability of presence/absence can be predicted as a function of one or more independent variables (Hosmer et al. 1988) . Our method was designed to quantify habitat use for Chinook and coho salmon using a combination of different environmental factors.
The objectives of this study were to: (1) quantify habitat use for different life stages of Chinook and coho salmon as reflected in presence/absence data; (2) develop predictive models to identify used habitat; and (3) evaluate spatial and temporal variations of used habitat.
MATERIALS AND METHODS
Study site and sampling. Chinook and coho salmon were sampled along 10 transect lines off the Washington and Oregon coast in June 1998 to 2005 (Fig. 1) . The transects sampled varied somewhat for the 8 cruises used to survey salmon catch in this study (Table 1) . Each transect consisted of 6 to 8 stations extending from the shallowest trawlable water depth (~30 m) to 50 km offshore. A Nordic 264 pelagic rope trawl manufactured by NET systems 30 m (wide) × 20 m (high), 100 m length, and a cod-end liner of 95 mm stretch mesh was used to collect salmon. For each tow, the trawl was towed at the surface at a speed of 6 km h -1 for 30 min. Abundance was calculated as number of fish caught divided by distance towed (km) and net width. Temperature and salinity profiles were measured with a CTD at each station to either 100 m depth or within 5 m of the bottom. We used temperature and salinity at a depth of 3 m in this analysis. Chlorophyll a samples were collected at 3 m depth using a Niskin bottle and water filtered through a GF/F filter. Chlorophyll a concentration was calculated from fluorescence measurements using a Turner Designs 10-AU fluorometer following a standard acetone extraction procedure (Arar & Collins 1997) .
We used 293 fish samples along with temperature, salinity, depth, and chlorophyll a collected during June of 1998 to 2004, as described by Brodeur et al. (2005) , to build predictive models for suitable salmon habitat. We used 38 samples collected in June 2005 as independent samples to validate the selected models. Chinook salmon were classified into 3 life history stages: juvenile subyearling Chinook (or 'ocean-type', spending less than 1 yr in freshwater), juvenile yearling Chinook (or 'stream-type', spending 1.5 yr or more in freshwater), and subadult Chinook (those that have been at sea for at least 1 yr). Coho salmon generally exhibit a 3 yr life history, with 1.5 yr in freshwater and 1.5 yr in saltwater. They were classified as yearling coho (first summer at sea) and subadult coho (second summer at sea).
Data analysis. To identify the factors that were significantly associated with the abundance of the 5 life history stages, we computed correlation coefficients between each individual environmental factor and the abundance of each life history stage of Chinook and coho salmon. We chose nonparametric Spearman correlation coefficients because of the lack of normality in the data that could not be corrected through transformation. Environmental variables included temperature, salinity, chlorophyll a and depth. The hypotheses that each of the 4 variables was not correlated with salmon abundance were tested using t-tests at the 95% significance level (CORR procedure in SAS 9.1).
We converted salmon abundance data to binary data (presence/absence) because there were no clear relationships between salmon abundances and temperature, salinity, chlorophyll a and depth. We used presence data as the response variable and the same 4 environmental factors as predictor variables to run a series of logistic regression models (Eq. 1):
( 1) where X = (1,x 1 ,…,x k )' is a vector holding environmental variables measured at sampled stations, β' = (1,β 1 ,…,β k ) is a vector of coefficients, k is the number of environmental variables, P is zero-catch probability and y is the binary response variable (presence/absence). Models were selected for the different life history stages of Chinook and coho salmon using stepwise selection, an approach that allowed both addition and deletion of variables. A significance level of 85% was specified to allow a variable into the model, and a significance level of 90% was specified for a variable to stay in the model. The final model included variables that were significant at 95% at the last stepwise selection step. Hosmer and Lemeshow goodness-of-fit tests (Hosmer et al. 1988) were performed for the final selected models. We used χ 2 tests at the 95% significance level to test whether coefficients for all environmental variables were equal to zero (LOGISTIC procedure in SAS 9.1.3, SAS Institute, 2005) . The logistic regression model was used to predict the chance of presence or absence of Chinook and coho salmon based on the set of selected variables in the final models. In this study, we predicted the zero-catch probability for each sampling station, with a high probability of zero catch indicating non-used habitat and low probability of zero catch indicating used habitat. We also used nonparametric interpolation to map spatial patterns (thin plate spline interpolation procedure in ArcGIS 9.0, ESRI, 2004).
We used data collected in June 2005, which was not included in the model selection procedure, to validate the selected models. We first predicted the zero-catch probability for each life history stage using selected models and compared the results with presence/ absence in the field. To evaluate the accuracy of model predictions, we converted the probability of zero catch to presence/absence data (breakpoint at 0.5 probability) and calculated accuracy for each class. The accuracy of presence/absence data was the percentage of correctly predicted stations out of all stations where fish were caught/not caught. In addition, we calculated the overall accuracy of the model, or the percentage of correctly predicted stations out of all stations. 
RESULTS

Nonparametric correlation
Abundance of all 5 life history stages was positively correlated with chlorophyll a concentration and negatively correlated with water depth (Table 2 ). Temperature was negatively correlated with yearling and subadult Chinook and subadult coho. Salinity only had a significant correlation with subadult coho (Table 2) .
Model selection
Chlorophyll a concentration and water depth were selected in the predictive models for all 5 life history stages. Temperature was also selected as a predictor variable for subyearling Chinook and yearling coho. There was no evidence of lack of fit in the selected models for all 5 life history stages as indicated by the Hosmer and Lemeshow tests (Table 3) .
The zero-catch probability for all 5 life history stages decreased as chlorophyll a concentrations increased, i.e. there was a greater chance of catching a Chinook or coho salmon in areas with high chlorophyll a concentration (Table 3 ). The zero-catch probabilities for all 5 life history stages decreased exponentially with chlorophyll a concentration (Fig. 2 ). For subyearling and yearling Chinook and subadult coho, stations with low zerocatch probability were restricted to high chlorophyll a areas more than so for subadult Chinook and yearling coho. For example, stations with zerocatch probability lower than 0.2 for yearling Chinook generally had higher chlorophyll a concentrations (> 8 to 26 mg m -3
, Fig. 2B ), whereas yearling coho had a much wider range of chlorophyll a concentration when zero-catch probability was lower than 0.2 (~4 to 26 mg m -3 , Fig. 2D ). Zero-catch probability increased as water depth increased for all 5 life history stages, e.g. there was a higher probability of catching subyearling Chinook in shallow water than in deep water (Fig. 3, Table 3 ). Stations with zero-catch probability lower than 0.5 were those at 150 m water depth for subyearling and yearling Chinook and those at 100 m water depth for subadult Chinook and coho. Yearling coho had a wider distribution compared to other life history stages, such that stations with zero-catch probability lower than 0.5 occurred up to 200 m water depth (Fig. 3) .
Zero-catch probability increased as temperature decreased for subyearling Chinook and yearling coho (Table 3) . However, scatter plots for the predicted probability versus temperature did not show a clear trend (Fig. 4) . 
Spatial variation
Abundance of all 5 life history stages showed large spatial variation across 8 yr of study . Subyearling and subadult Chinook and subadult coho were caught at fewer than 50% of the sampled stations, whereas yearling Chinook and yearling coho were caught at more than 50% of the sampled stations (except 1998 and 2000) . Most fish were caught from the north of the Columbia River: 99% of subyearling Chinook, 92% of yearling Chinook, 87% of subadult Chinook, 83% of yearling coho, and 76% of subadult coho. Eight-five percent of subyearling Chinook, 87% of yearling Chinook, 97% of subadult Chinook, and 97% of subadult coho were caught within ~24 km from the shore, whereas 33% of yearling coho were caught within ~24 km from the shore.
General spatial habitat patterns for subyearling Chinook were similar over the course of the study period such that zero-catch probabilities were relatively high for most of the study area, but were lower in coastal waters than offshore waters (Fig. 5) . In 2000-2004, areas with low zero-catch probabilities (p < 0.5) were generally located at the mouth and to the north of the Columbia River, with small areas off the Oregon coast having relatively low zero-catch probabilities. This pattern was also observed in abundance data, where subyearling Chinook were relatively more abundant near the mouth and the north of the Columbia River than at other stations (Fig. 5) . In 1998 and 1999, predicted zero-catch probabilities were higher than 50% for the entire study area for subyearling Chinook and that was generally consistent with the catch data (subyearling Chinook were not caught at most stations).
Predicted zero-catch probabilities for yearling Chinook were lower in shallow coastal waters than in deeper water throughout the study period (Fig. 6) . The region north of the Columbia River generally had a relatively larger area of a lower zero-catch probability (< 0.5) than the southern region. The largest area of predicted zero-catch probability (< 0.5) was found in 2003, with progressively smaller areas found in 1999, 2004, 2000, 2002, and 2001 . In 1998, a relatively small area of low zero-catch probability was observed, though not all transects in the north were sampled.
Areas with low zero-catch probability for subadult Chinook were primarily in the shallow coastal waters (Fig. 7) . This nearshore pattern was consistent throughout the entire study period. Relatively large areas with low zero-catch probability were found in In 1998 and 1999, the predicted zero-catch probability was less than 0.3 over the entire study area.
Areas with low zero-catch probability (< 0.5) for yearling coho were widely distributed along the Washington and Oregon coast (Fig. 8) . However, the Washington coast generally had a larger area than the Oregon coast. The area of low predicted probability for yearling coho extended from shallow coastal waters to almost 200 m water depth. Areas of predicted probability lower than 0.2 were located primarily off Washington, with a few small areas off Oregon. The years 2000 and 2003 had the largest areas with probability less than 0.2, followed by 2001 and 2004. Throughout the entire study period, areas of low predicted probability of zero catch for subadult coho (< 0.5) were located mainly in shallow coastal waters (Fig. 9 ). Most areas with low predicted probability were off the Washington coast and the Columbia River mouth, and included a few small areas that were off the central Oregon coast. The largest area with zerocatch probability lower than 0.2 was found in 2003, with successively smaller areas found in 2000 , 2002 . In 1998 and 1999 , the predicted probability was high in most areas. 
Model validation
The predicted zero-catch probabilities for all 3 life history stages of Chinook salmon (subyearling, yearling, and subadult) were generally higher than 0.5 for the entire study area in 2005 (Fig. 10) . Zero-catch probabilities ranging from 0.3 to 0.5 occupied small nearshore areas around the Columbia River mouth and the LaPush transect. Predicted trends were consistent with field observations with 79 to 87% accuracy (Table 4) , and a total of 19 subyearling Chinook, 12 yearling Chinook, and 0 subadult Chinook were caught in June 2005. Yearling coho were caught at 32% of the sampled stations in 2005, and mean predicted zero-catch probability was 0.31. Subadult coho were caught at 10% of the sampled stations, and mean predicted zero-catch probability was 0.73.
Predicted zero-catch probabilities for subadult coho were generally higher than 0.5 for the entire area, except for a small nearshore area along the LaPush transect in 2005. The results were consistent with observed field samples with 89% accuracy (Table 4) . For yearling coho, the predicted zero-catch probability generally ranged from 0.2 to 0.5 for most of the study area. When we divided the presence and absence at 0.5 zero-catch probability, only 34% of the modeled results were consistent with field observations (Table  4) . However, when we divided presence and absence at 0.3 zero-catch probability, 66% of the modeled results were consistent with field observations. The lowest zero-catch probability in 2005 for yearling coho was 0.16, and no noticeable areas with zero-catch probability less than 0.2 were identified in the interpolated model surface.
DISCUSSION
Choice of habitat
We demonstrated that logistic regression models developed in this study can be used to predict the size and location of suitable salmon habitat off the Washington and Oregon coast. Spatial autocorrelation for some independent variables (such as depth) may reduce the effective degrees of freedom in our analysis (i.e. samples lack independence). However, we only used significance tests to select models and classify the presence/absence of salmon, and the models were validated by independent samples (from 2005). Therefore, it is unlikely that spatial autocorrelation would change our results.
Water depth and chlorophyll a concentration were strongly related to habitat selection for all 5 life history stages, as indicated by nonparametric correlation and stepwise logistic regression. Surprisingly, the temperature effect was not always significant; stepwise logistic regression showed that temperature had significant effects on subyearling Chinook and yearling coho, and nonparametric correlation showed significant effects on yearling and subadult Chinook and subadult coho. Salinity did not appear in any of the selected models for all 5 life history stages.
Chlorophyll a concentration was related positively to Chinook and coho salmon presence. The inter-annual variation in habitat size for all 5 life history stages were consistent with variability in surface chlorophyll a derived from Sea-viewing Wide Field-of-view Sensor (SeaWiFS) satellite 8 d composite images, e.g. there were large areas with high chlorophyll a concentration in 2003 (Fig. 11) . Comparing the predicted habitat patterns with SeaWiFS chlorophyll images, we found that both Chinook and coho salmon were not likely to occur (probability of absence > 0.5) in areas with chlorophyll a concentration lower than 3 mg m . In 2000, the SeaWiFS imagery did not have complete coverage of the study area due to cloud cover, but it indicated 2 high chlorophyll a regions located off the Columbia River mouth and the Washington coast. As a result, there was more utilized habitat area for subadult Chinook and subadult coho in 2000 and 2003 than in other years. Yearling Chinook and yearling coho had relatively large areas of utilized habitat (probability of absence < 0.5) throughout the study period. In 2000 and 2003, we also found that there were a few habitat 'hotspots' (probability of absence < 0.2) within the high chlorophyll a concentration areas for yearling Chinook and yearling coho at the nearshore stations of LaPush, Queets River, Grays Harbor, and Columbia River transects. Subyearling Chinook showed a similar pattern, with relatively large areas of utilized habitat in 2000 and 2003. A considerable body of literature has documented that marine resources are related to productivity hotspots (e.g. Olivar 1990 , Solanki et al. 2001 , Valavanis et al. 2004 ). Our study demonstrated that utilized habitats for Chinook and coho salmon were generally within or in the vicinity of high chlorophyll a concentration areas. If the predicted presence/absence for yearling coho is divided at 0.25 zero-catch probability, the overall model accuracy increases to 66% Table 4 . Oncorhynchus tshawytscha and O. kitsutch. Error matrices for the predicted presence/absence (divided at 0.5 zero-catch probability) versus observed presence/absence for all 5 life history stages
Water depth was positively related to the absence of the 5 life history stages. This is consistent with the accepted tenet that both Chinook and coho live almost exclusively in coastal waters (Beamish et al. 2005) . Our study showed that all 5 life history stages were distributed within 200 m water depth (and mostly within 150 m), although yearling Chinook and coho were distributed further offshore than subyearling and subadult Chinook and subadult coho. Of the 5 life history stages, yearling coho may distribute farther offshore on the basis of zerocatch probability.
Relationships between temperature and the presence of Chinook and coho were not as apparent as those for chlorophyll a and depth, as indicated by both logistic regression and nonparametric regression analysis. In the logistic regression model, temperature was statistically significant for subyearling Chinook and yearling coho, but temperature did not exhibit a clear relationship with zero-catch probability as did chlorophyll a and water depth. This suggests that temperature may not be the primary factor in defining salmon ocean habitat. Friedland et al. (2005) reported that Atlantic salmon growth appears to be both positively and negatively correlated with temperature conditions for post-smolts in the early marine phase. Hinke et al. (2004 Hinke et al. ( , 2005 found that even though Chinook salmon occurred primarily in 9 to 12°C water off Oregon and the northern California coast in the fall, environmental temperature variation did not necessarily mediate their growth and maturation. Besides that, most of the coastal waters off Washington and Oregon are within the optimum range for Chinook (Brodeur et al. 2005) . As a result, temperature may not be a limiting factor in shaping salmon distribution in the area examined in this study.
Salinity was not a significant factor influencing the occurrence of all 5 life history stages as indicated by stepwise logistic regression. This result was surprising because salmon first enter the ocean at the Columbia River, and presumably spend some time in the plume adapting physiologically to the marine environment. One possible explanation is that juvenile salmon had been in the ocean for a few weeks prior to our surveys and had already adapted to the high salinity environment.
The distributions of Chinook and coho salmon are influenced by environmental variables, food, and predation. Previous studies investigated relationships between marine survival and ocean production and temperature, upwelling, and other ocean conditions (Mantua et al. 1997 , Logerwell et al. 2003 . However, habitat selection by Chinook and coho salmon with respect to ocean conditions is limited, but see Hinke et al. (2004 Hinke et al. ( , 2005 . Although chlorophyll a concentration may not be directly related to salmon habitat selection, it might provide an index of the high biomass associated with preferred food sources of salmon. Consequently, knowledge of salmon prey distributions are necessary to explain this bottom-up control mechanism. In addition, regions of high chlorophyll a have higher turbidity, a condition that could decrease the probability of a salmon being eaten, depending on the relative sensory capacities of salmon versus its potential predators.
Spatial variation: linkages with local physical and biological environments
The common spatial characteristics for all 5 life history stages included: (1) used habitat occurred in shallow coastal waters, and (2) there were more areas of used habitat off the Washington coast and the Columbia River mouth. These patterns were consistent throughout the entire study period and were also consistent with our observed abundances.
The cross-shelf distribution pattern we observed was consistent with studies on other trophic levels in the same study area. Phytoplankton decreased exponentially with water depth. Copepod biomass also declined exponentially across the continental shelf (Peterson et al. 1979 , Lamb & Peterson 2005 . However, different life history stages of Chinook and coho salmon appeared to utilize different zones in the shallow-water region. For example, subadult Chinook were confined to coastal waters less than 100 m deep, while subyearling and yearling Chinook extended their habitat to relatively deeper water. Coho salmon showed the same coastal pattern, but also selected habitats that extended to the edge of the continental shelf. The reasons for different utilization of the coastal zone by these 2 species remain unclear.
The large alongshore differences in Chinook and coho salmon habitat between the Washington and Oregon coasts may be caused by variations in local physical and biological conditions, such as a wider shallow nearshore region and higher chlorophyll a concentration off Washington than off Oregon (Hickey & Banas 2003) . Another potential cause for this alongshore distribution may relate to salmon hatchery location; more hatcheries are located in the north (Washington and the Columbia River) and fewer in the south (Oregon and California). Moreover, the northward movement of Pacific salmon has been well established , and may be a latent factor responsible for the difference between the Oregon and Washington coast. However, salmon are not evenly distributed off the Washington coast, which suggests that other environmental factors are operating in coastal waters that contribute to uneven distribution patterns. The selected logistic regression models not only showed the difference in used habitat between the Oregon and Washington coast, but also the unequal distribution of salmon within Washington coastal waters. Areas of high probability of salmonid presence were generally located within the high chlorophyll a regions as indicated by 8 d composite SeaWiFS imagery (Fig. 11) . This indicates chlorophyll a concentration is a good predictor variable for salmon distribution.
Temporal variations in the context of large scale climate variations
The size of used habitat varied substantially across the study period for all 5 life history stages. Large areas with high probability of salmonid presence (> 0.8) occurred in and 2000 , and progressively decreased through 2001 , 2002 . In 1998 and 1999 , most of the study area had a probability of salmonid presence lower than 0.8. In the first year of study, a strong El Niño occurred, followed by a major La Niña in 1999 (Peterson & Schwing 2003) . Ocean conditions during 2000 to 2002 remained similar to 1999 as indicated by the PDO index (http://jisao.washington.edu/pdo/ PDO.latest), but in 2003 through 2005, a positive PDO index occurred, indicating warm ocean conditions. Temporal variation of used habitat area was not consistent with the PDO index, such that 2003 was a warm year, but the size of used habitat was larger than in other years. Temporal variation of used habitat appeared to be consistent with changes in chlorophyll concentration as indicated by SeaWiFS satellite images (Fig. 11) . At the same time, variations in abundance were observed at higher trophic levels, including zooplankton and pelagic nekton (Pearcy 2002 , Peterson et al. 2002 , Keister et al. 2005 ), but it remains unclear how these changes in zooplankton and nekton community influence salmon habitat selection.
CONCLUSIONS
Chlorophyll a concentration was an important factor in defining suitable salmon habitat. We found that high probability of Chinook and coho salmon presence was associated with areas of high chlorophyll a concentra-tion. We showed the potential use of satellite imagery (SeaWiFS and Coastal Zone Color Scanner, CZCS) in forecasting and hindcasting suitable salmon habitat and retrieving historical information related to spatial and temporal variations in habitat used by Pacific salmon. As a result, it could explain variability in salmon production from a habitat perspective and enhance our understanding of how ocean conditions influence salmon production.
Water depth was an important factor in defining salmon habitat and reflected the inshore/offshore trend for Chinook and coho salmon, as well as zooplankton. Chinook and coho salmon were more aggregated in shallow coastal waters. There were differences between different species and life history stages, such that subyearling and subadult Chinook and subadult coho were closer to shore than yearling Chinook and yearling coho. Temperature was not as important as chlorophyll and water depth in defining used habitat, and only had significant effects on the distributions of subyearling Chinook and yearling coho.
This study demonstrates that the location and size of suitable salmon habitat exhibit large spatiotemporal variation. Larger areas of suitable Chinook salmon habitat occurred in 2000 and 2003, followed by 2001, 2002, and 2004 . Coho salmon also had large areas of used habitat in 2000 and 2003, followed by 2001, 2004, and 2002 . This provides the potential to understand the temporal variation in salmon production in terms of used habitat, a topic we intend to pursue.
